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© Amine production. 



(sj) Alkylamines are produced by reacting an alcohol with an 
amino compound, especially ammonia, using a catalyst con- 
taining nickel and or cobalt and at least one difficulty reduc- 
ible metal oxide, e.g. alumina, particularly alumina plus a rare 
earth, and having a high nickel cobalt content. 
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Amine production 

This invention relates to amine production and in 
particular to the production of alkylamines. 

The reaction between an amino compound of the formula 
R . R ,. R tt i N where R« f Rtt and rm.^ which may be the same or 
different, are hydrogen or alkyl groups, i.e. ammonia or alkyl 
amines, and an alcohol ROH, where R is an alkyl group and 
differs from R f , is reversible and can be represented by the 
equation 

R «&t. R .,. N + RQH t R R f 1 R" * 1 N + R'OH. 

The reaction may be catalysed by certain metals, e.g. 
silver, nickel, or copper. Hence by passing a mixture of at 
least one such alcohol and at least one such amino compound over 
or through a bed of catalyst, the reaction proceeds towards 
equilibrium. The products, and the proportions thereof, 
obtained will of course depend on the nature and proportions of 
the reactants, the temperature, and the activity of the ctalyst 
of that temperature. Generally a mixture of amines will be 
produced. For example if an alcohol ROH in admixture with 
ammonia is passed over a suitable catalyst, the products will 
comprise a mixture of the primary, secondary, and tertiary 
amines as a result of the reactions 

ROH + NH 3 i » RNH 2 + H 2 0 

ROH + RNH 2 < * R 2 NH + H 2 0 

ROH + R 2 NH * * R 3 N + H 2 0 
In addition to the formation of alkylamines, catalysts 
used heretofore, for example nickel supported on kieselguhr, 
have given rise to appreciable quantities of by-products, 
particularly hydrocarbons such as methane and also high boiling 
contaminants, particularly nitriles and amides. To minimise the 
formation of 6uch by-products, the reaction temperature has 
normally been kept relatively low which, of couse, will affect 
the composition of the alkylamines product. Consequently the 
composition of the alkylamines product has often not been that 
desired and extensive recycling of the undeslred alkylamine or 
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alkylamines has been necessary. 

It has been proposed in DE-A-3223217 to employ for 
this reaction a catalyst prepared by calcination and production 
of a precipitate having the formula 
Ni 6 Al 2 (0H) 16 C0 3 .4H 2 0 
In the catalysts formed by the calcination and reduction of such 
a precipitate, the nickel atoms form 75Z of the total number of 
atoms, other than oxygen atoms, in the catalyst. 

We have found that certain nickel containing catalysts 
having an appreciably higher proportion of nickel atoms not only 
have a high activity but also give rise to significantly 
decreased amounts of by-products. Consequently with these 
catalysts, higher reaction temperatures can be employed, if 
desired, thereby altering the composition of the alkylamines 
15 product. 

Accordingly the present invention provides a process 
for the manufacture of alkyl amines comprising reacting at least 
one amino compound of the formula •R f R ,, R ,tf N where R f , R f 1 and 
R ,lf , which may be the same or different, are hydrogen or alkyl 

20 groups, and at least one alcohol of the formula ROH wherein R is 
an alkyl group and not all the groups, R, R' , R* 1 , R"« are the 
same, in the presence of a catalyst comprising at least one 
metal from Group VIII of the Periodic Table selected from nickel 
and cobalt, intimately associated with at least one difficultly 

25 reducible metal oxide, said Group VIII metal constituting 80 to 
98% of the total number of atoms, other than oxygen atoms and 
carbon (if any) atoms, in said catalyst. 

The groups R* , R f • and R' 1 f may be hydrogen or alkyl 
groups. Preferably at least some of the R f , R ft and R f,f are 

30 hydrogen . 

Two of the alkyl groups R* , R 1 1 and R ,,f may be joined 
as in an alkylene group, e.g. containing 2 to 12 carbon atoms. 
As examples of alkyl groups for the groups R, R f , R f * and R lft , 
there may be menioned especially primary monovalent alkyl groups 
35 having 1-20 carbon atoms, substituted primary monovalent alkyl 
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groups in which the substituents are not amine-reactive or 
water-reactive (for example are aryl, alkoxy or fluoro). 
Analogous secondary alkyl groups, including cycloalkyl groups, 
can be used, but there may be formation of claims by side 
reactions: for this reason tertiary alkyl groups are not 
usually suitable. The alkyl groups preferably contain 2 to 6 
carbon atoms. Especially preferred alkyl groups are ethyl, 
isopropyl, secondary butyl, or cyclohexyl. 

It is preferred that the alkyl groups, if any. in the 
amino compound are the same as that of the alcohol: in this 
case at least one of the groups R\ R' * and R"», of the amino 
compound should be hydrogen, although the corresponding famine 
may be present in the reaction mixture, together with ammonia 
and/or the corresponding primary and/or secondary amine, to 
modify the composition of the alkylamines mixture produced in 
the reaction. In this case the reaction is: 

ROH + NH n R 3 _ n 4, a + H 2 0 

where NH n R 3 _ n , n being between 1 and 3, represents the 
composition of the amino compound or mixture thereof (excluding 
any t-amine present) fed to the reaction. 

In a preferred process the amino compound comprises 
ammonia, optionally together with recycled unwanted alkylamines 
separated from the alkylamines product. 

The reaction is preferably effected at a temperature 
in the range 100 to 250°C at a pressure of 1 to 40 bar absolute. 
The temperature and pressure are preferably such that the feed- 
stock is in the gaseous state. In some cases it may be 
desirable to include a proportion of hydrogen in the feed to 
maintain the catalyst in the reduced state. 

For the reaction of alcohols with ammonia, the ammonia 
to alcohol molecular ratio is typically up to 6, depending on 
the Intended ratio of product amines. The alcohol /ammonia 
reactions are exothermic, to an extent depending on the 
proportion of recycled over-alky lated amine present, hence the 
process is carried out preferably in heat exchange with a 
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coolant such as boiling water or an organic heat exchange fluid 
such as diphenyl/diphenyl ether. For this reason the catalyst 
is disposed preferably in tubes (typically of inside diameter 20 
- 200 mm) surrounded by coolant: alternatively the coolant can 
5 be in the tubes and the coolant in the space outside the tubes. 

In the present invention the catalyst employed 
comprises at least one Group VIII metal selected from nickel and 
cobalt intimately associated with at least one difficultly 
reducible metal oxide. 

10 While catalysts wherein the Group VIII metal is 

essentially only cobalt have a lower activity than catalysts 
wherein the Group VIII metal is nickel, catalysts containing 
both cobalt and nickel show an activity greater than that of 
catalysts wherein the Group VIII metal is only nickel. Because 

15 of the higher cost of cobalt, compared to nickel, it is 

preferred that the Group VIII metal is nickel or a nickel/ 
cobalt mixture in which the nickel : cobalt atomic ratio is above 
0.5, particularly in the range 1 to 5, and especially above 2. 

The catalyst employed in the process of the invention 

20 have a relatively high Group VIII metal content: thus the Group 
VIII metal forms 80-98Z, preferably 85-95%, of the total number 
of atoms other than oxygen and carbon (if any) atoms, (i.e. the 
Group VIII metal atoms plus the metal atoms of the difficultly 
reducible metal oxide) in the catalyst. 

25 . The difficultly reducible oxide can be any oxide of a 

metal from an A sub-Group (other than Group 1A) of the Periodic 
Table. Preferably it is from Group IIIA (including rare earths, 
thoria, and urania) or from Group IVA. Preferably two or more 
such oxides are present, especially combinations of oxides of 

30 aluminium and one or more rare earths, particularly lanthanum 
and/or cerium; the so-called technical grades comprising a 
mixture of rare earths may be employed. 

The catalyst should be essentially free of other 
metals or oxides although small amounts thereof may in fact be 

35 present as impurities. 
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The intimate association of the active metal, i.e. the 
Group VIII metal, and the difficultly reducible oxide can be the 
result of precipitation, as, for example, hydroxides and/or 
carbonates, or of applying a solution of a compound of the 
active metal to a highly adsorptive (surface area over 50, 
especially over 100, n^.g" 1 ) form of the oxide, followed by 
reduction of the Group VIII metal compound to metal and, if 
necessary, decomposition of the A sub-Group metal compound to 
the difficultly reducible oxide. 

The catalysts are preferably obtained by sequential or 
particularly by simultaneous precipitation as hydroxides and/or 
carbonates followed by calcination to decompose the A sub-Group 
metal compound to the oxide and then, if necessary, a further 
reduction to convert the Group VIII metal compound to active 
metal. 

While the reduction to active metal, which is normally 
effected by heating the catalyst precursor In a hydrogen con- 
taining gas stream, can in some cases be effected in the vessel 
to be used for the alkylamine reaction, it is preferred to 
effect reduction of the precursor to active metal off-line. 
Preferably the catalyst precursor is reduced to active metal at 
a temperature in the range 300-600, particularly 300-450°C. 

The catalyst is preferably employed in the form of 
small particles such as granules or pellets. Where made by a 
precipitation route, the precipitated mixture is preferably 
pelleted after calcination to decompose the precipitate to 
oxides. However pelleting may be facilitated if calcination 
prior to pelleting is incomplete so that the calcined mixture 
contains hydroxides and/or carbonates. Further heating of the 
pellets to complete the decomposition to oxides may be effected 
before or during reduction of the Group VIII metal compound to 
active metal. Such heating is preferably effected prior to 
reduction as we have found that reduction of pellets that have 
not been completely decomposed to oxide is liable to give rise 
to significant exotherms In the reduction process leading to 



0211552 



6 B 33588 

difficulties in temperature control. 

The reduced catalyst may be stabilised, to aid 
handling prior to use, by treatment with an inert gas stream 
containing a small controlled proportion of oxygen or carbon 
5 dioxide during cooling from the reduction temperature. 

The surface area of the active metal in the freshly 
reduced catalyst is preferably at least 50 m .g of catalyst. 
The invention is illustrated by the following 

examples 

10 EXAMPLE 1 

A precipitate was prepared by continuously supplying 

an aqueous solution, at about 70°C, containing 322 g.l"" 1 nickel 

nitrate hexahydrate, 23.6 g.l"* 1 aluminium nitrate nonahydrate, 

and 8.1 g*l~ L cerium nitrate hexahydrate to a small precipit- 

15 at ion vessel to which was also supplied an aqueous solution, 

also at about 70°C, containing 150 g.l" 1 of sodium carbonate 

decahydrate, in an amount to maintain the pH in the vessel at 

about 7. The precipitate was continuously removed from the 

vessel, filtered hot, washed, and dried for 16 hours at 110°C. 

20 The dried precipitate was then calcined for 4 hours at 350°C. 

The calcined product had the following composition (after 

ignition at 900°C): 

oxide Z by weight 

NiO 93.1 

25 A1 2 0 3 3.7 

Ce0 2 3.1 

Na 2 0 0.1 

The loss on ignition at 900°C was 11. 31 by weight. The nickel 

atoms thus formed about 932 of the total number of atoms (other 

30 than oxygen atoms) in the calcined catalyst precursor. The 

calcined product had the following micromeritic properties: 

2 -"I 

BET (nitrogen) surface area 213 m .g 

—3 

helium density 5.07 g-cm 

-3 

mercury density 2. 44 g.cm 

2 -1 

35 pore volume 0.21 m .g 
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The calcined product was nixed with 1.5Z of its weight 
of graphite and compressed into cylindrical pellets of 3.7 mm 
diameter and 3.3 mm height. 

A bed of the pellets was charged to a laboratory 
reactor which was then heated to 350°C for 32 hours while a 
stream of equal volumes of hydrogen and nitrogen were passed 
through the bed. The nitrogen/hydrogen gas stream was then 
replaced by a nitrogen gas stream, while the reactor was cooled 
to about 100°C After 1 hour at 100°C, 0.5Z by volume or air 
was bled into the nitrogen stream for 2 hours. The con- 
centration of air in the gas stream was then doubled every 30 
minutes until roughly proportions of air and nitrogen were 
achieved. The reactor was then cooled to room temperature. 

24 ml (37.6 g) of this pre-reduced, air stabilised, 
15 catalyst (catalyst A) was charged to a laboratory reactor of 

1.9 cm interior diameter and re-reduced overnight at 150°C with 
a gas stream containing 9 volumes of nitrogen: 1 volume of 
hydrogen. A mixture of ethanol (0.127 mol.hr" 1 ), ammonia 
(0.25A mol.hr" 1 ) and hydrogen (0.25 mol.hr" 1 ) was then passed 
20 over the catalyst at 180°C and the exit gas analysed for 

ethylamines, methane, and higher; molecular weight products 
Cheavies"). The test procedure was repeated using a reaction 
temperature of 200°C. 

EXAMPLE 2 

25 ' Example 1 was repeated using a nitrates solution of the 

following composition (per litre) 

128 ml cobalt nitrate solution (cobalt 

content 17% by weight) 
215.4 g nickel nitrate hexahydrate 

30 7^9 g cerium nitrate hexahydrate 

23.0 g aluminium nitrate nonahydrate. 

f The bluish/purple precipitate was filtered, washed, 

dried, and calcined as in Example 1 except that the drying was 
effect at 120°C and the calcination at 300°C. 
35 The calcined product had the following composition 
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(after ignition at 900°C) 



oxide 


X by weight 


NiO 


59.9 


CoO 


32.8 


A1 2 0 3 


3.0 


Ce0 2 


3.7 


Na 2 0 


0.1 



The BET surface area was 157 m 2 .g -1 

The catalyst (catalyst B) was tested as in Example 1 

10 except that the reduction was effected at 450°C for 18 hours. 

EXAMPLE 3 
— ■ ..- —H - 

Example 2 was repeated using a nitrates solution of the 
following composition (per litre) 

256 ml cobalt nitrate solution (cobalt 

15 content 17Z by weight) 

107.7 g nickel nitrate hexahydrate 
7-9 g cerium nitrate hexahydrate 

23.0 g aluminium nitrate nonohydrate. 

The precipitate was redish/purple. 
20 The calcined product had the following composition 

(after ignition at 900°C) 



oxide 


1 by weight 


NiO 


29.4 


CoO 


63.6 


A1 2 0 3 


2.9 


Ce0 2 


3.7 


Na 2 0 


«0.1 


The BET surface 


area was 124 



25 



a 2 .g"* 1 . The catalyst was 
designated C. 
30 _ EXAMPLE 4 

Example 2 was repeated using a nitrates solution of the * 
following composition (per litre) ' 
384 ml cobalt nitrate solution (cobalt j 

content 172 by weight) 
35 7.9 g cerium nitrate hexahydrate ' 
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23.0 g aluminium nitrate uonahydrate. 

The precipitate was mauve/pink. 

The calcined product had the following competition 
(after ignition «t 900°C) 
5 oxide X by weight 

NiO 0.7 
CoO 93.0 
A1 2 0 3 2.6 
Ce0 2 3.6 
10 Na 2 0 0.1 

The nickel oxide probably results from nickel impurity 
in the cobalt nitrate solution. 

The BET surface area was 167 s^.g"" 1 
The catalyst was designate D. 
15 EXAMPLE 5 

The test procedure was repeated using a standard 
commercially available, nickel catalyst (catalyst E), sold for 
alkylamine production. 

The results are shown in the following table 
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It is seen that not only can high conversions be 
achieved with the catalysts of the invention but also the 
proportion of by-products is much reduced. 

Analysis of the ethylamines produced at 200°C gave the 
following results: 



Catalyst 


1 (X 


W /w) Ethylamines 


produced 


Primary J secondary 


1 tertiary 


1 A | 


I 32 


1 58 


1 10 


B | 


43 


| 44 


1 13 | 


c 1 


41 


1 45 


1 14 | 


D | 


48 


I 39 


1 13 | 


E + | 


38 


I 51 


1 10 | 



comparative % 



PA/CG/MP 

15 July 1986/L169 
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1- A process for the manufacture of alkyl amines 

comprising reacting at least one amino compound of the formula 
R <Rt'Rtti Ny where R . > R' 1 , and R IM t which may be the same or 
different , are hydrogen or alkyl groups, and at least one alcohol 
of the formula ROH, wherin R is an alkyl group, and not all the 
groups R, R f , R ff , R ,,f are the same, in the presence of a 
catalyst containing at least one metal of Group VIII of the 
Periodic Table selected from cobalt and nickel intimately 
associated with at least one difficultly reducible metal oxide, 
the Group VIII metal atoms constituting 80 to 98Z of the total 
number of atoms, other than oxygen and carbon (if any) atoms in 
said catalyst. 

2. A process according to claim 1 wherein the difficultly 
reducible metal oxide comprises alumina. 

3. A process according to claim 2 wherein the difficultly 
reducible metal oxide comprises alumina and at least one rare 
earth. 

4. A process according to any one of claims 1 to 3 wherein 
the catalyst contains nickel and cobalt and has a nickel/cobalt 
atomic ratio in the range 1 to 5. 

5. A process according to any one of claims 1 to 4 wherein 
the catalyst is made by reducing, at a temperature in the range 
300 to 600°C, 

nickel, and/or cobalt, oxide, 

in intimate admixture with the difficultly reducible 

metal oxide, or oxides, 
said intimate mixture of oxides being obtained by calcining an 
intimate mixture of precipitated hydroxides, and/or carbonates, 
of 

nickel, and/or cobalt, and 

the metal, or metals, having the difficultly 
reducible oxide, or oxides. 

6. A process according to any one of claims 1 to 5 wherein 
the catalyst has a metal surface area of at least 50 m2.g-l # 

7. A process according to any one of claims 1 to 6 wherein 
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at least .ome of th. group. R', R M , and R M ' . r . hydrogen. 
«• A proces. according to any ona of claims I to 7 

wherein, in thoae of group. R, R' , R' ' , and R* * • that are alkyl 
group., the alkyl group, contain from 2 to 6 carbon atom.. 

9. A proce.8 according to any one of claim. 1 to 8 wherein 
the amino compound comprise, ammonia. 

10. A proc... according to any one of claim. 1 to 9 wherein 
the reaction of the alcohol and amino compound i. effected at a 
temperature in the range 100 to 250°C. 
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